INTRODUCTION
The 105,000 g supernatant of uterine homogenates contains a macromolecular (8 to 9 S) component that selectively binds oestrogenic steroids (Gorski, Toft, Shyamala, Smith & No tides, 1968; Jensen, Suzuki, Numata, Smith & DeSombre, 1969) . This property of uterine cytosol preparations, derived either from 6-day-pregnant rabbits (Korenman, 1968; Corker & Exley, 1970) or from ovariectomized ewes (Shutt, 1969) has been utilized for the development of a sensitive and specific competitive protein-binding assay for oestradiol-17)3.
The weak oestrogens, coumestrol and genistein (Text- fig. 1 ), found in high 2 M. Shemesh et al.
concentration in fungus-infected alfalfa, Medicago sativa (Loper & Hanson, 1964; Bickoff, 1968; Shemesh, Lindner & Ayalon, 1969) (Noteboom & Gorski, 1963; Perei & Lindner, 1970 ). An Bickoff, 1968.) Lamond Thain, 1966; Bickoff, 1968) . Progress in the investigation of the complex ecology of this syndrome depends on the availability of accurate methods for the determination of phyto-oestrogens in the blood of grazing animals. A number of such methods have been described (Lindner, 1967 ; Shutt, Axelsen & Lindner, 1967 Phyto-oestrogens and uterine oestradiol receptor 3
MATERIALS AND METHODS Animals
Cross-bred rabbits were killed on the 6th day of pregnancy. The uteri were dissected out and used at once for preparation of the cytosol fraction (v.l.) . Six, virgin, goats of the Saanen breed were fed straw for 3 days before experimental feeding with alfalfa hay, offered without restriction for 24 hr. The hay was mildly affected by a leaf-spotting organism (cf. Shemesh et al., 1969) and contained 24 µg coumestrol/g dry matter by fluorometric assay following paper Chromatographie separation (Lindner, 1967) . Blood samples (10 ml) were collected from the jugular vein onto heparin before feeding alfalfa, and at various time intervals while alfalfa was being consumed.
Oestrogen-binding system
The rabbit uteri were extracted according to the method described by Korenman (1968 (Korenman, 1969) .
In general, the affinity of this receptor for various ligands is related to their oestrogenic potency but there are exceptions to this rule; in particular, antioestrogens may also be tightly bound (Toft & Gorski, 1966; Korenman, 1969; Korenman, Tulchinsky & Eaton, 1970) . In uterine weight assays, coumestrol is about 160 times less potent than oestradiol-17ß, but 15 to 100 times more potent than genistein, depending on species and route of administration (Braden, Hart & Lamberton, 1967; Bickoff, 1968; Perei & Lindner, 1970) . The relative binding affinity of the receptor, as defined by Korenman (1969) , is roughly 70 times lower for coumestrol, and 175 times lower for genistein, than for oestradiol-17ß (Text- fig. 2 ). Thus, the affinity of the receptor for these ligands appears related to their uterotrophic potency, though the difference between coumestrol and genistein in binding affinity is rather less than might be expected from their relative biological activity. The greater affinity of the receptor for coumestrol, compared with genistein, is probably attributable to the fact that the ring system of coumestrol is held rigidly in one plane, thus approximating to the shape of oestradiol, whereas one of the phenolic rings of genistein is free to rotate.
Coumestrol and genistein mimic the action of oestradiol on the uterus with respect to water imbibition, vascular permeability, and incorporation of labelled precursors into RNA, protein and phospholipid (Noteboom & Gorski, 1963; Perei & Lindner, 1970) , and they are now shown to resemble oestradiol also in interacting with the uterine oestrogen receptor. However, neither compound is able to mimic, or inhibit, the ovum-implantation-inducing action of oestradiol in the lactating or progesterone-treated ovariectomized rat (Perei & Lindner, 1970) , suggesting that the latter action of oestradiol may not be mediated by the same uterine receptor.
Both coumestrol and genistein have two phenolic hydroxyl groups at opposite poles of the molecule, and the distance between these is similar to that between the 3-and 17-hydroxyl groups of oestradiol-17/?. Both hydroxyl groups seem essential for strong binding to the uterine oestrogen receptor. This is shown by the behaviour of sativol (Text- fig. 1 ), a coumestan in which the 7-OH group is masked, and the behaviour of 12-O-methylcoumestrol, medicagol, biochanin-A and formononetin, in which the OH-group in position 12 (i.e. 4' of the alternative nomenclature) is masked: none of these compounds effectively competed with oestradiol-17/? for receptor sites. Methoxy-coumestans and isoflavones such as 12-O-methylcoumestrol and biochanin-A should probably be regarded as pro-oestrogens, as defined by Emmens (1941) , since, though themselves unable to interact with the uterine oestrogen receptor, they readily undergo O-demethylation in vivo to form the active oestrogens, coumestrol and genistein, respectively (Nilsson, 1961; Lindner, 1967; Shutt et al., 1967 Shutt et al., , 1969 Adler & Weitzkin-Neiman, 1970) . O-demethylation of 12-O-methylcou¬ mestrol was recently observed on incubation of this compound with bovine liver homogenates (Shemesh & Lindner, unpublished results) . Formononetin is susceptible to further reductive metabolism in ruminants to the weak oestrogen, equol (Braden et al., 1967; Shutt et al., 1967) . Terenius (1967) reported that certain oestrogenic derivatives of doisynolic and allenoic acid inhibited the uptake of oestradiol by surviving mouse uterus, but their 7-methyl ethers did not. Likewise, Korenman (1969) (Lindner, 1967) Coumestrol could be detected in the plasma of goats (2-0 to 3-9 ng/ml) on a relatively low intake of coumestrol (12 mg/24 hr). It should be noted that the 12-O-methylcoumestrol content of the hay fed was not determined and this may have contributed to the plasma coumestrol level Shemesh et al., 1969) . Shutt et al. (1969) , using a fluorimetrie assay (Lindner, 1967) , found plasma levels of 5 to 7 ng/ml free coumestrol in sheep consuming medic hay {Medicago littoralis). The estimated daily intake of phyto-oestrogens was 146 mg coumestrol and 124 mg 12-O-methylcoumestrol. Marinov, WeitzkinNeiman & Adler (1969) , using a similar method, were able to detect 1-21 ng/ml free coumestrol in a pooled plasma sample from cows fed concentrates containing alfalfa meal, at a rate supplying approximately 0-4 mg dietary coumestrol/cow/day.
The competitive protein-binding assay technique will not measure the blood level of methylated pro-oestrogens, such as 12-O-methylcoumestrol, biochanin-A and formononetin. The latter compound may be particularly significant in the aetiology of the infertility syndrome on subterranean clover pastures (Millington, Francis & McKeown, 1964) . A Chromatographie step before the competitive protein-binding assay is required to discriminate between phyto-oestrogens and endogenous steroidal oestrogens.
An alternative approach to the rapid and sensitive determination of phytooestrogens in blood has been suggested (Bauminger, Lindner, Perei & Arnon, 1969; Lindner, Perei & Friedlander, 1971 ), based on a radioimmunoassay. 
